disease varies between 2 and 14%, and approximately 8% of patients undergoing CABG have a significant stenosis in an extracranial carotid artery. 10 Thus, many patients who need CEA have already undergone cardiac surgery, such as CABG. 15 We noticed that scar formation in the carotid sheath was often identified during CEA in patients with previous cardiac surgery, and that dissection of the carotid sheath and exposure of the carotid arteries in such patients were difficult, similarly to those procedures in redo CEA. Thus, the goal of the present study was to determine whether factors related to previous cardiac surgery (specifically Swan-Ganz catheter insertion) were associated with the presence of scar tissue identified during CEA.
Methods

Patient Population
Of 280 consecutive patients with ipsilateral ICA stenosis (≥ 70%) and useful residual function (modified Rankin disability scale score of 0, 1, or 2) who underwent CEA over a 7-year period, 2 patients were undergoing reoperation for recurrent carotid artery stenosis (that is, redo CEA), and 5 had previously undergone radical neck surgery. Of the remaining 273 patients, 23 (8.4%) underwent cardiac surgery prior to CEA and were enrolled in the present study (Table   1 ). These 23 patients did not need a repeat operation for recurrent carotid artery stenosis and had not undergone radical neck surgery previously. The remaining 250 patients did not have a history of cardiac surgery, repeat operation for recurrent carotid artery stenosis, or previous radical neck surgery, and they served as the control group.
Twenty-two of the 23 patients were male, and 1 was female. The mean age (± SD) of the patient population was 67.2 ± 5.5 years (range 56-78 years). Eight patients evinced ipsilateral carotid territory symptoms, and the other 15 had asymptomatic ICA stenosis.
All 23 patients underwent preoperative cerebral angiography with arterial catheterization. The overall average degree of ICA stenosis was 85.5 ± 7.4% (range 70-95%) as per the guidelines set forth in the North American Symptomatic Carotid Endarterectomy Trial. 12 Five patients had not only stenosis > 70% in the ipsilateral ICA, but also stenosis > 70% or occlusion in the contralateral ICA.
Before CEA, the 23 patients were also examined by cardiologists and were deemed to be at low risk for surgical complications for CEA based on the absence of the following factors: congestive heart failure (New York Heart Association Class III/IV); left ventricular ejection fraction < 30%; necessity for a repeat open heart operation; recent myocardial infarction; or unstable angina (Canadian Cardiovascular Society Class III/IV). This study was reviewed and approved by the institutional ethics committee of our university. Written informed consent was obtained from all patients or their next of kin.
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Data Collection Regarding Cardiac Surgery
The following data regarding previous cardiac surgery were retrospectively collected from medical charts by a cardiovascular surgeon (J.T.) who was blinded to data regarding CEA: type of cardiac surgery; dose of heparin administered intravenously during surgery; postoperative complications; side and vessel in which the Swan-Ganz catheter was inserted during surgery; and date of surgery.
Intraoperative Management and Definition of Scar Formation Identified During CEA
The CEA was performed after induction of general anesthesia and with the use of an operating microscope from skin incision until the end of the procedure. An intraluminal shunt and a patch graft were not used in these procedures. A bolus of heparin (5000 U) was given prior to ICA clamping. The mean duration of ICA clamping was 36 minutes (range 23-55 minutes).
Dissection of the carotid sheath and exposure of the carotid arteries were typically performed as follows: the upper plane of the carotid sheath surrounding the common carotid artery was first cut with scissors; next, the other planes of the carotid sheath were bluntly separated from the common, external carotid arteries, and the ICA with Pean forceps. Scissors were used when the carotid sheath had adhered to the carotid arteries.
A patient was prospectively defined as having scar formation during CEA by a senior neurosurgeon (K.O.) when scissors were required throughout dissection of the carotid sheath and exposure of the carotid arteries.
Statistical Analysis
Descriptive statistics are expressed as the mean ± SD. The incidence of scar formation identified during CEA between 2 groups was evaluated using the chi-square test. The relationship between each baseline characteristic and scar formation identified during CEA was evaluated using the Mann-Whitney U-test or the chi-square test. Differences were deemed statistically significance at p < 0.05.
Results
Factors regarding previous cardiac surgery are summarized in Table 2 . Of the 23 patients studied, 17 underwent CABG alone, and in 6 the repair of cardiac valves Table 2) . By contrast, in the 250 patients who served as controls, the carotid sheath was often found to be locally adherent to the carotid arteries at the level of the plaque itself, and scissors were briefly used in such situations. However, none of these 250 patients required scissors throughout dissection of the carotid sheath and during exposure of the carotid arteries; thus, the difference in the incidence of scar formation between the 2 groups was statistically significant (p < 0.0001).
Analysis of factors related to scar formation in 23 patients with previous cardiac surgery is summarized in Table 3 . The incidence of right CEA was significantly higher in patients with the scar formation than in those without. Furthermore, in all 7 patients with scar formation, the side of CEA was identical to the side at which the Swan-Ganz catheter was inserted during cardiac surgery. The incidence of ipsilateral Swan-Ganz insertion was significantly higher in patients with scar formation than in those without. Seven (58.3%) of 12 patients with a history of ipsilateral Swan-Ganz catheter insertion had the scar formation. No differences between the scar formation and other factors related to cardiac surgery were observed.
In 1 of 7 patients with scar formation, hemiparesis was noted immediately after recovery from general anesthesia, and the deficits persisted more than 24 hours after CEA (Table 2 , Fig. 1) . Postoperative diffusion MR imaging demonstrated multiple ischemic lesions in the bilateral cerebral hemispheres, suggesting occurrence of artery-to-artery embolism during CEA. Another patient developed vocal cord paralysis postoperatively; the symptom resolved 1 month after CEA ( Table 2 ). The postoperative course in the remaining 5 patients with the scar formation and in the 16 patients without the scar formation was uneventful.
Discussion
In the SAPPHIRE study, 15 40% of patients undergoing CEA had previously undergone the CABG procedure. However, this study did not demonstrate that a history of cardiac surgery in itself was a risk factor for complications during or after CEA. Despite the fact that all 23 patients in our study also underwent prior cardiac surgery, none of them had defined risk factors for complications related to CEA. Thus, the performance of CEA in these 23 patients appeared justified at that time.
Our data demonstrated that scar formation in the carotid sheath is often identified during CEA in patients who have undergone previous cardiac surgery. Furthermore, the data showed that Swan-Ganz catheterization during previous cardiac surgery is associated with the identification of ipsilateral scar formation during CEA. Scar formation secondary to Swan-Ganz catheterization may develop because bleeding and hematoma formation can occur at the site of catheter insertion. 6 Furthermore, intravenous administration of heparin during cardiac surgery may facilitate development of the hematoma. Ultimately, the hematoma may be replaced by scar tissue that adheres to surrounding structures. In this case, Swan-Ganz catheter insertion under systemic heparinization can result in hematoma around the IJV and subsequent scar formation in the carotid sheath.
The Swan-Ganz catheter is usually inserted into the right IJV, which is probably the reason for the higher incidence of scar formation in the patients who undergo a right CEA. However, 1 patient with a history of catheter insertion into the left IJV who underwent a left CEA had suffered scar formation in the carotid sheath during CEA. Thus, when CEA is performed in patients with previous cardiac surgery, the side of Swan-Ganz catheter insertion during the previous surgery should be confirmed.
In the present study, 2 of 7 patients with scar formation in the carotid sheath developed new postoperative deficits that were possibly related to the difficulty of carotid dissection or difficulty in identifying anatomical structures. Thus, we propose that a history of cardiac surgery (particularly when the earlier site of Swan-Ganz catheter insertion is ipsilateral to that of the proposed CEA) should be regarded as a risk factor for complications related to CEA, and that alternate treatment modalities such as carotid artery stent placement should be considered for these patients before or instead of proceeding to CEA.
However, in the present study we also found that 40% of patients with a match between the CEA side and the side of Swan-Ganz catheter insertion did not develop scar formation. Thus, further study regarding possible noninvasive imaging modalities that could be used to identify scar formation prior to CEA would be of benefit.
Conclusions
Although the patient cohort was quite limited, in the present study we demonstrated that a history of SwanGanz catheter insertion is associated with the presence of scar tissue in the ipsilateral carotid sheath and a higher risk of complications during CEA.
